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[57] ABSTRACT

A transition control circuit (2) for controlling the transitions
of an output signal, at an output node (8) of a driver circuit,
in dependence on the logic state of an input signal at an input
node (10). The output signal being switchable between a first
logic state and a second logic state. The transition control
circuit (2). comprises first means (16) and second means
(14). The first means (16) is enabled when the output signal
has the first logic state and the input signal has the second
logic state, and is disabled when the output signal has the
second logic state or the input signal has the first logic state.
Once enabled, the first means (16) couples the output node
(8) to a first supply line (GNDA) whereby the output signal
switches to the second logic state. The second means (14) is
enabled when the output signal has the second logic state
and the input signal has the second logic state, and is
disabled when the output signal has the first logic state or the
input signal has the first logic state. Once enabled, the
second means (14) couples the output node to a second
supply line (GNDB) whereby the output signal is held in the
second logic state until the next transition of the input signal.

17 Claims, 6 Drawing Sheets
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TRANSITION CONTROL CIRCUIT FOR
DRIVER CIRCUITS

This invention relates to a transition confrol circuit for
controlling the transitions of a signal at an output node of a

driver circuit.
BACKGROUND OF THE INVENTION

A typical driver circuit for driving a capacitive load is
shown in FIG. 1. The driver circuit comprises a pre-driver
circuit, N-channel and P-channel drive transistors and an
off-chip capacitive load. The pre-driver circuit supplies the
enable signals ENN and ENP for the N-channel and

P-channel drive transistors, respectively. An inductance on
the output pin, which couples to the capacitive load, is an
inherent feature of this arrangement and may extend to 15
nH for low cost packages.

On fast transitions of the input signal and hence the output
signal, particularly when the output pin goes from a high
logic state (VDD) to a low logic state (GND), the ground pin
GND is required to supply a current spike to discharge the
capacitive load, as shown in FIG. 3. However, due to the
inductance on the output pin, the signal on the ground pin
GND follows the enable signal ENN of the N-channel drive
transistor. The spike then decays and oscillates, due to the
LC circuit formed by the load capacitor and the pin
inductance, with a typical period of,

2XTX q LXCio0d

Where L is the inherent inductance on the input pin and C,_
is the capacitance of the load.

The oscillations may be greater than the voltage level Vol
which represents the amplitude of the maximum voltage
recognized as a logic ‘0’, or ‘1’ depending on the logic
convention implemented. This causes a greater delay in the
completion of the transition from the high logic state to the
low logic state. In some cases, an oscillation which exceeds
Vol can be detected as a double transition by the ‘driven’
circuit, thereby producing incorrect results and errors.

A few methods have been developed to address the

problems described above. One method, known as gradual
switching, involves splitting the driver circuit into sections,
such that each section turns on, one after the other. Such a
method avoids the generation of spikes, but slows down the
transition of the output signal.

Another technique involves adding resistances in the
charge/discharge path of the driver circuits. In most cases,
the resistance is added in the output path of the driver circuit.
In some cases, it is done in the enable path or the suppiy
path. However, this technique also slows down the transi-
tion.

Thus, the known methods provide a solution at the
expense of transition speed. It is therefore desirable to
provide a circuit which addresses the problems described
above without compromising the transition speed.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the present invention
there is provided a transition control circuit for controlling
the transitions of a signal at an output node of a driver

circuit, the transition control circuit comprising:
an input node for receiving an input signal having a first

logic state or a second logic state, the output signal at
the output node being switchable between the first logic
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state and the second logic state in dependence on the
logic state of the input signal;

first means coupled to the output node and the input node
and being enabled when the output signal has the first
logic state and the input signal has the second logic
state, and being disabled when the output signal has the
second logic state or the input signal has the first logic
state, the first means once enabled coupling the output

node to a first supply line such that the output signal at
the output node switches to the second logic state when

the voltage at the output node reaches a predetermined
level; and

second means coupled to the output node and the iﬁput

node and being enabled when the output signal has the
second logic state and the input signal has the second
logic state, and being disabled when the output signal
has the first logic state or the input signal has the first
logic state, the second means once enabled coupling the

~output node to a second supply line such that the output
signal is held in the second logic state until the next
transition of the input signal.

The transition control circuit in accordance with the first
aspect of the invention thus ensures that after a transition
from a high logic state to a low logic state, the output signal
is isolated from the first supply line and is held in the logic
low state by the second means until the next transition.
Furthermore, the transition control circuit in accordance
with the invention achieves spike immunity without com-
promising the transition speed, since no extra components in
the charge/discharge path are required.

In accordance with a second aspect of the invention there
is provided a transition control circuit for controlling the
transitions of a signal at an output node of a driver circuit,
the transition control circuit comprising:

an input node for receiving an input signal having a first
logic state or a second logic state, the output signal at
the output node being switchable between the first logic
state and the second logic state in dependence on the
logic state of the input signal;

first means coupled to the output node and the input node

and being enabled when the output signal has the first
logic state and the input signal has the second logic

state, and being disabled when the output signal has the
second logic state or the input signal has the first logic
state, the first means once enabled coupling the output
node to a first supply line such that the output signal at
the output node switches to the second logic state when

the voltage at the output node reaches a predetermined
level; and

second means coupled to the output node, the input node

and the first supply line, and being enabled when the

input signal has the second logic state and being

disabled when the input signal has the first logic state,

the second means comprising resistive means coupled

between the output node and the first supply line, the

second means coupling the output node to the first

supply line via the resistive means when the second

means is enabled and the first means is disabled, such

that the output signal is held in the second logic state
until the next transition of the input signal.

In a preferred arrangement the resistive means comprises

a resistor coupled between the output node and the first

supply line. However, other oscillation absorbing resistive
means, such as a small transistor, may be used.

The transition control circuit in accordance with the

second aspect of the invention thus ensures that after a

transition from a high logic state to a low logic state, the
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output signal is held in the logic low state by the second
means by way of the damping action of the resistive means
until the next transition. Furthermore, the transition control
circuit in accordance with the present invention achieves
spike immunity without compromising the transition speed,
since no extra components in the charge/discharge path are
required. "

A number of applications require the use of a plurality of
driver circuits. FIG. 2 shows a bus configured arrangement
of a plurality of driver circuits. The arrangement comprises
n driver circuits sharing common supply lines via a pin pair
(GND and VDD). where n is the bus width.

For those driver circuits whose output signal has the low
logic state before the high-to-low transition, the output
signal should remain low after the transition. Since the
driver circuits are all coupled to the same ground pin GND,
the spike which is produced for a driver circuit whose output
signal switches from high to low, produces a spurious spike
in the output signals of the non-transient driver circuits (see
FIG. 4). Such spurious spikes may be detected by the
receiving circuits so as to produce erroneous results.

A transition control circuit in accordance with the first
aspect of the present invention may be implemented in each
of the plurality of driver circuits, the plurality of driver
circuits having common first, second and third supply lines.
The transition control circuit in accordance with the first
aspect of the present invention ensures that the output signal
of a non-transient driver circuit does not have any spikes, by
connecting the output to the second supply line which
supplies a substantially constant voltage signal, such that the
output is isolated from the common first supply line. In
addition, the transition control circuit in accordance with the
present invention overcomes the oscillation problems of the
prior art driver circuits. For an arrangement comprising n
driver circuits, the period of oscillation becomes,

2XnX d LXnXClona

A transition control circuit in accordance with the second
aspect of the present invention may be implemented in each
of the plurality of driver circuits, the plurality of driver
circuits having common first and second supply lines. The
transition contro! circuit in accordance with the second
aspect of the present invention ensures that the output signal
of a non-transient driver circuit has a single spike only and
overcomes the oscillation problems of the prior art driver
circuits, by connecting the output to the first supply line via
resistive means after a transition from a high logic state to
a low logic state.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the present invention will now
be described with reference to the accompanying drawings
in which:

FIG. 1 is a block diagram of a prior art driver circuit;

FIG. 2 1s a block schematic diagram of a prior art bus
configured arrangement of a plurality of driver circuits;

FIG. 3 is a diagrammatic representation of signals pro-
duced by a driver circuit of FIG. 2 during a transition;

FIG. 4 is a diagrammatic representation of signals pro-
duced by a non-transient driver circuit of FIG. 2 during a
transition:

FIG. S 1s a block schematic diagram of a transition control

circuit in accordance with a first embodiment of the present
invention;
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FIG. 6 is a block schematic diagram of an arrangement
having a plurality of driver circuits, each comprising the
transition control circuit of FIG. §;

FIG. 7 is a schematic circuit diagram of part of the
transition control circuit of FIG. 5;

FIG. 81s a block schematic diagram of a transition control
circuit in accordance with a second embodiment of the
present invention;

FIG. 9 is a diagrammatic representation of signals pro-
duced by a driver circuit of FIG. 8 during a transition;

FIG. 10 is a diagrammatic representation of signals pro-
duced by a non-transient driver circuit of FIG. 8 during a
transition; and

FIG. 11 is a block schematic diagram of an arrangement
having a plurality of driver circuits, each comprising the
transition control circuit of FIG. 8.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring to FIG. 5, a transition control circuit 2, in
accordance with a first embodiment of the invention, con-
trols the transitions of an output signal at an output node 8
of a driver circuit, which comprises a P-channel drive
transistor 4 coupled in series with an N-channel drive
transistor 6 between a first supply line (GNDA) and a third
supply line (VDD). The drain electrodes of the P-channel
and N-channel transistors 4 and 6 are coupled to the output
node 8.

The gate electrode of P-channel transistor 4 is coupled to
an input node 10 via an inverter 12.

The transition control circuit 2 comprises two sections 14
and 16.

The first section 16 comprises a NOR gate 18 having a
first input coupled to the output node 8 via an inverter 20 and
a resistor 19, and a second input coupled to the input node
10. It should be noted that resistor 19 is an optional element
that provides voltage level shifting for inverters 20 and 28.
The output of the NOR gate 18 is coupled to the gate
electrode of N-channel transistor 6. The first section 16
further comprises a filter circuit 22 which is shown in more
detail in FIG. 7. Briefly referring to FIG. 7, filter circuit 22
comprises a capacitor 24 coupled in parallel with a resistor
26, which in the preferred embodiment is formed by a
transistor structure. It should be understood that the same
reference numerals are used in the figures to denote the same
clements. The resistor-capacitor arrangement is coupled
between the supply line of NOR gate 18 and the first supply
line GNDA via a transistor 18' which is a part of NOR gate
18 and whose gate electrode is coupled to the third supply
line VDD. The drain of transistor 18' serves as an output port
of filter circuit 22. Filter circuit 22 provides a filtering
function to the gate terminal of transistor 6 by filtering a
signal supplied via the first power supply line to the NOR
gate 18, thereby producing a filtered output signal at the
output of NOR gate 18.

The second section 14 comprises a NOR gate 28 having
a first input coupled to an input of inverter 20, a second input
coupled to the input node 10 and a third input coupled to the
output of the NOR gate 18 of the first section 16. The output
of the NOR gate 28 is coupled to the gate electrode of a
N-channel transistor 30. The drain electrode of the
N-channel transistor 30 is coupled to the output node 8 and
the source electrode of the N-channel transistor 30 is
coupled to a second supply line GNDB. The signal on the
second supply line GNDB remains substantially constant
during the transitions, since it does not supply spike current
to the output node 8 for a transition.
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FIG. 6 shows an arrangement 31 of a plurality of driver
circuits 32a~32n for driving a load 34, such as a capacitive
load. In a bus configured arrangement, n is the bus width.
Each of the driver circuits incorporates a transition control
circuit in accordance with the present invention and as
described above with reference to FIGS. S and 7. The driver
circuits 32a—-32n are each coupled to the first GNDA., second

GNDB and third VDD supply lines.

The operation of the transition control circuit 2, which can
be incorporated in such an arrangement 31, will now be
described. The transition control circuit 2 of the preferred
embodiment has been designed to be enabled for transitions
from the logic high state to the logic low state, which is
required by most systems using TTL levels. It will be
appreciated, however, that the transition control circuit in
accordance with the invention cap be simply adapted to be
enabled in response to rising edge transitions.

A signal having a voltage level corresponding to the
voltage level of the third supply line VDD, is in a logic high
state, and a signal having a voltage level comresponding to
either the voltage level of the first GNDA or second GNDB
supply lines, is in a logic low state.

The first section 16 is enabled when the signal at the
output node 8 is at a logic high state, and disabled when the
signal at the output node 8 is at a logic low state. Conversely,

the second section 14 is enabled when the output signal is
low and disabled when the output signal is high.

If we consider the situation when the signal at the input
node 10 switches from a logic high state to a logic low state,
the signal at the gate electrode of the P-channel transistor 4
is high, which turns this transistor 4 ‘off’.

When the output signal is at a logic high state, on
transition of the input signal the first section 16 is enabled:
the output of the NOR gate 18 is high and the N-channel
transistor 6 is turned ‘on’. The N-channel transistor 6 sinks
current from the output node 8 and pulls the output signal to
the first voltage supply level GNDA. On reaching a prede-
termined voltage level, the output signal switches from the
logic high state to the logic low state.

Once the output signal is switched low to the first voltage
supply level GNDA, the output of the NOR gate 18 goes low
switching the N-channel transistor 6 ‘off’ such that the first
section 16 is disabled.

Since the output signal at the output node 8 is low, and the
output of the NOR gate 18 is low, the output of NOR gate
28 is high. N-channel transistor 30 is therefore ‘on’ and the
second section 14 is enabled. N-channel transistor 30 con-
nects the output node 8 to the second supply line GNDB.

As described above with reference to the prior art circuits,
due to the inductance on the pin of the first supply line

GNDA, the sinking of the current by N-channel transistor 6 -

produces a current spike and subsequent oscillations (see
FIG. 3). However, the transition control circuit 2 in accor-
dance with the present invention ensures that once the output
signal has made the transition from high to low, it 1s tied to
the second supply line GNDB, which is unaffected by spikes
on the first supply line GNDA. Furthermore, the oscillations
on the first supply line GNDA will not atfect the output
signal, since the output signal is tied to GNDB and so
disconnected from GNDA. whilst the oscillations occur.
By coupling the output of the NOR gate 18 to the third
input of NOR gate 28, the second section is enabled only

when the first section is disabled and vice versa. This ensures
that there are no spikes on the second supply line GNDB.

For non-transient driver circuits in the bus configured
arrangement of FIG. 6, that is driver circuits whose output
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6

signals are low before and after the transition, the first
section 16 is disabled and the second section 14 enabled for
the whole transition. This ensures that the output signal is
tied to the second supply line GNDB for the whole transition
and so not affected by the transitions in the other driver
circuits.

After a transition, for non-transient and transient prior art
driver circuits, the output signal is low and the signal on the
first supply line GNDA oscillates as shown in FIG. 3. The
signal GNDA may oscillate below the signal level on the
gate electrode of N-channel drive transistor 6, which would
bring this transistor into conduction. This would change the
signal level at the output node 8. The preferred embodiment
avoids this, by coupling the gate electrode of N-channel
transistor 6 to the first supply line GNDA via NOR gate 18
and filter circuit 22. This forms a diode-connected transistor,
which is in a conducting state when there are large oscilla-
tions. The filter circuit 22 coupled to the NOR gate 18 filters
out the large oscillations on the first supply line GNDA, so
that the output signal at the output node 8 is held in the low
state.

The size of the N-channel transistor 30 does not affect the
speed of transition. The size is chosen to best fit the specified
sink current needed in a particular application.

Upon ftransition, there should be a minimum period of
time when both the transistors 30 and 6 are ‘on’ to avoid the
output being floating. This is achieved by ensuring that the
delay through the NOR gate 28 is kept to a mimmum.

Referring now to FIG. 8, a transition control circuit 102
in accordance with a second embodiment of the present
invention is similar to the transition control circuit 2 of FIG.
5 except that NOR gate 28 is replaced by an inverter 129, a
resistor 133 is added into the path between pull-down
N-channel transistor 130 and the output node 108, and the
filter circuit 22 is omitted such that NOR gate 118 is
connected to first supply line GNDA. Like components to

those of FIG. 5 are referred to by the same reference numeral
plus a hundred.

The transition control circuit 102 is connected to a first
supply line GNDA and a second supply line VDD.

FIG. 11 shows an arrangement 131 of a plurality of driver
circuits 132a-132r for driving a load 134, such as a capaci-
tive load. Each of the driver circuits incorporates a transition -
control circuit in accordance with the second embodiment of
the present invention and as described above with reference
to FIG. 8. The driver circuits 132a—132x are each coupled to
the first GNDA and second VDD supply lines.

The transition control circuit 102 of the preferred embodi-
ment has been designed to be enabled for transitions from
the logic high state to the logic low state, which is required
by most systems using TTL levels. It will be appreciated,
however, that the transition confrol circuit in accordance
with the invention can be simply adapted to be enabled in
response to rising edge transitions.

A signal having a voltage level corresponding to the
voltage level of the third supply line VDD, is in a logic high
state, and a signal having a voltage level corresponding to
the voltage level of the first GNDA supply line, is in a logic
low state.

The operation of the transition control circuit 102, which
can be incorporated in such an arrangement 131 of FIG. 11,
will now be described.

The first section 116 is enabled when the signal at the
output node 108 is at a logic high and disabled when the
signal at the output node 108 is at a logic low state. The
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second section 114 is enabled when the input signal is at a
logic low and disabled when the input signal is at a logic
high.

When there is a transition at the input node 1190, that is
when the signal at the input node 110 switches from a logic
high state to a logic low state, the signal at the gate electrode

of P-channel transistor 104 turns the transistor 104 ‘off’ and
the second section 114 is enabled.

When the output signal is at a logic high state, on
transition of the input signal, the first section 116 is enabled:
the output of the NOR gate 118 is high and the N-channel
transistor 106 is turned ‘on’. The N-channel fransistor 106
sinks current from the output node 108 and pulls the output

signal to the first voltage supply level GNDA. On reaching
a predetermined voltage level. the output signal switches
from the logic high state to the logic low state.

Once the output signal is switched low to the first voltage
supply level GNDA, the output of the NOR gate 118 goes
low switching the N-channel transistor 106 ‘off’. The first
section 116 is thus disabled but the second section 114
remains enabled.

At this time, the output node 108 is connected to the first
supply line GNDA via resistor 133 and N-channel transistor
130 which damps the oscillations, due to the inductance on
the output pin. on the first supply line GNDA.

This damping effect provided by the resistor 133 ensures
that all the oscillations on the first supply line GNDA, apart
from the initial spike at the transition time, will be below the
maximum voltage level Vol, as shown in FIGS. 9 and 10.

When the output signal is at a logic low state, on transition
of the input signal, the first section 116 is disabled and the
second section 114 is enabled so as to maintain the output
signal at the logic low state. When enabled, the transistor
130 1s ‘on’ and the transistor 130 and resistor 133 absorb any
oscillations appearing on the first supply line GNDA.

Thus, in the bus configured arrangement of FIG. 11, the
enabled second sections 114 of the non-transient driver
circuits ensure that the non-transient driver circuits are
unaftected by the transitions in the other driver circuits,
which can cause oscillations in the common first supply line.

Although the second embodiment has been described with

reterence to a resistor 133 coupled between transistor 130
and output node 108, other oscillation absorbing means,

such as a small transistor, can be used.

Thus, the transition control circuit 102 in accordance with
the second embodiment ensures that the output signal at
output node 108 does not follow the oscillations on the first
supply line GNDA after a transition from a high to low state.

The transition control circuit 102 in accordance with the
second embodiment uses only one low supply line GNDA as
opposed to the two supply lines GNDA and GNDB used in
the transition control circuit 2 of FIG. 5. Furthermore, the
transition control circuit 102 is simpler requiring less com-
ponents than the circuit 2 of FIG. 5.

In summary, the present invention provides rapid transi-
tion by using a large pull-down transistor (N-channel tran-
sistor 6 and N-channel transistor 106) which is switched ‘off’
after the transition. In the transition control circuit in accor-
dance with the first embodiment, spike immunity is achieved
by isolating the output node from the first supply line GNDA
and holding the output node to a substantially constant
second supply line GNDB. In the transition control circuit in
accordance with the second embodiment, spike immunity is
achieved by connecting the transistor 130 to the output node
108 through a resistor 133.
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When the transition control circuit in accordance with the
first embodiment is used in a bus configured arrangement,
the transition control circuit ensures that the output of a
non-transient driver circuit is connected to a substantially
constant supply line GNDB, which supplies no spike current
at any time.

When the transition control circuit in accordance with the
second embodiment is used in a bus configured
arrangement, the transition control circuit ensures that the
output of a non-transient driver circuit will have a single
spike at the transition time of the other driver circuits and the
oscillations at the output will be damped thereafter.

We claim:

1. A transition control circuit for controlling the transi-
tions of a signal at an output node of a driver circuit, the
transition control circuit comprising:

an input node for receiving an input signal having a first

logic state or a second logic state, an output signal at the
output node being switchable between the first logic
state and the second logic state in dependence on the
logic state of the input signal;

first means coupled to the output node and the input node,

wherein the first means comprises:

a logic circuit having at least one input and at least one
output, the at least one output coupled to the driver
circuit; and

filter means coupled between the logic circuit and a first
supply line for filtering predetermined oscillations
from the signal supplied by the first supply line, the
first means being enabled when the output signal has
the first logic state and the input signal has the
second logic state, and being disabled when the
output signal has the second logic state or the input
signal has the first logic state, the first means once
enabled coupling the output node to the first supply
line such that the output signal at the output node
switches to the second logic state when the voltage
at the output node reaches a predetermined level; and

second means coupled to the output node and the input node
and being enabled when the output signal has the second
logic state and the input signal has the second logic state, and
being disabled when the output signal has the first logic state
or the input signal has the first logic state, the second means
once enabled coupling the output node to a second supply
line such that the output signal is held in the second logic
state until the next transition of the input signal.

2. A transition control circuit as claimed in claim 6
wherein the driver circuit comprises a first drive transistor
and a second drive transistor coupled in series, wherein the
first current electrodes of the first and second drive transis-
tors are coupled to the output node, the second current
electrode of the second drive transistor is coupled to the first
supply line and the second current electrode of the first drive
transistor is coupled to a third supply line, wherein the
control electrode of the second drive transistor is coupled to
the at least one output of the logic circuit and the control
electrode of the first drive transistor is coupled to the the at
least one input via inverting means such that when the input
signal has the first logic state the first drive transistor is
conducting and the output node is at the level of the third
supply line and when the input signal has the second logic
state the first drive transistor is non-conducting and the
output node is at either the level of the first or second supply
line n response to the first means or second means being
enabled respectively.

3. A transition control circuit as claimed in claim 2
wherein the first means comprises:
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inverting means having an input coupled to the output
node and an output;

a NOR gate which serves as the logic circuit, wherein the
at least one input of the logic circuit comprises a first
input coupled to the output of the inverting means and
a second input coupled to the input node, and the at

least one output is an output coupled to the control
electrode of the second drive transistor, such that when
the output signal has the first logic state and the input
signal has the second logic state, the drive transistor is
conducting and when either the output signal has the
second logic state or the input signal has the first logic
state the second drive transistor is non-conducting.

4. A transition control circuit according to claim 3 wherein

the second means comprises:

a transistor having a first current electrode coupled to the
output node and a second current electrode coupled to
the second supply line; and

logic means coupled to the input node and the output
node, the logic means providing a signal to the control
electrode of the transistor such that when the output
signal has the second logic state and the input signal has
the second logic state, the transistor is conducting and
the output node is at the level of the second supply line
-and when either the output signal or the input signal has
the first logic state the transistor is non-conducting.

5. A transition control circuit according to claim 4 wherein
the output of the NOR gate 1s coupled to the logic means of
the second means so that the second means 1s enabled when
the second drive transistor is non-conducting.

6. A transition control circuit according to claim 4 wherein
the logic means comprises a NOR logic gate.

7. An arrangement comprising a plurality of driver cir-
cuits for driving a plurality of capacitive loads and having
common supply lines, each one of the driver circuits having
a transition control circuit for controlling the transitions of
a signal at an output node of the driver circuit, the transition
control circuit comprising:

an input node for receiving an input signal having a first
logic state or a second logic state, the output signal at
the output node being switchable between the first logic
state and the second logic state in dependence on the
logic state of the input signal;

first means coupled to the output node and the input node,
wherein the first means comprises:

a logic element having at least one input and at least
one output, the at least one output coupled to the
output node; and

filter means coupled between the logic element and the
first supply line for filtering predetermined oscilla-
tions from the signal supplied by the first supply line,
the first means being enabled when the output signal
has the first logic state and the input signal has the
second logic state, and being disabled when the
output signal has the second logic state or the input
signal has the first logic state, the first means once
enabled coupling the output node to a first supply
line such that the output signal at the output node
switches to the second logic state when the voltage
at the output node reaches a predetermined level; and

second means coupled to the output node and the input node
and being enabled when the output signal has the second
logic state and the input signal has the second logic state, and
being disabled when the output signal has the first logic state
or the input signal has the first logic state, the second means
once enabled coupling the output node to a second supply
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line such that the output signal is held in the second logic
state until the next transition of the input signal.

8. An arrangement as claimed in claim 7 wherein each
driver circuit comprises a first drive transistor and a second
drive transistor coupled in series, wherein the first current
electrodes of the first and second drive transistors are
coupled to the output node, the second current electrode of

the second drive transistor is coupled to the first supply line
and the second current electrode of the first drive transistor
is coupled to a third supply line, wherein the control
electrode of the second drive transistor is coupled to the at
least one output of the logic element and the control elec-

trode of the first drive transistor is coupled to the input node
via inverting means such that when the input signal has the
first logic state the first drive transistor is conducting and the
output node is at the level of the third supply line and when
the input signal has the second logic state the first drive
transistor is non-conducting and the output node is at either
the level of the first or second supply line in response to the
first means or second means being enabled respectively.

9. An arrangement as claimned in claim 8 wherein the first
means COmprises:

inverting means having an input coupled to the output
node and an output;

NOR gate means having a first input coupled to the output
of the inverting means and a second input coupled to
the input node and an output coupled to the control
electrode of the second drive transistor, such that when
the output signal has the first logic state and the input
signal has the second logic state, the drive transistor is
conducting and when either the output signal has the
second logic state or the input signal has the first logic
state the second drive transistor is non-conducting.

10. An arrangement as claimed in claim 9 wherein the

second means comprises:

a transistor having a first current electrode coupled to the
output node and a second current electrode coupled to
the second supply line; and

logic means coupled to the input node and the output
node, the logic means providing a signal to the control
electrode of the transistor such that when the output
signal has the second logic state and the input signal has
the-second logic state, the transistor is conducting and
the output node is at the level of the second supply line
and when either the output signal or the input signal has
the first logic state the transistor is non-conducting.

11. An arrangement as claimed in claim 10 wherein the
output of the NOR gate means is coupled to the logic means
of the second means so that the second means is enabled
when the second drive transistor is non-conducting.

12. A transition control circuit for controlling the transi-
tions -of a signal at an output node of a driver circuit
comprising:

an input node for receiving an input signal having a first

logic state or a second logic state, the signal at the
output node being switchable between the first logic
state and the second logic state in dependence on the

logic state of the input signal;

a driver circuit, the driver circuit comprising:

a first drive transistor and a second drive transistor
coupled in series, wherein the first and second drive
transistors have first and second current conducting
electrodes and a control electrode, the first current
conducting electrodes of the first and second drive
transistors coupled to the output node, the second
current conducting electrode of the second drive
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transistor coupled to the first supply line, and the
second current conducting electrode of the first drive

transistor coupled to a second supply line, and
wherein the control electrode of the first drive tran-

12

between the first logic state and the second logic state
in dependence on the logic state of the input signal. and
wherein each driver circuit comprises a first drive
transistor and a second drive transistor coupled in

sistor is coupled to the input node via inverting 5 series, the first and second drive transistors each having
means such that when the input signal has the first first and second current conducting electrodes and a
logic state the first drive transistor is conducting and control electrode, the current conducting electrodes of
the output node is at the level of the second supply the first and second drive transistors coupled to the
Iine and when the input signal has the second logic output node, the second current conducting electrode of
state the first drive transistor is non-conducting and 10 the second drive transistor coupled to the first supply
the output node is at the level of the first supply line; line, the second current conducting electrode of the first
first means coupled to the output node and the input drive transistor coupled to a second supply line, the
node, wherein the first means comprises inverting control electrode of the first drive transistor coupled to
means having an input coupled to the output node the input node via inverting means such that when the
and an output, and a NOR gate means having a first 15 input signal has the first logic state the first drive
input coupled to the output of the inverting means transistor is conducting and the output node is at the
and a second input coupled to the input node and an level of the second supply line and when the input
output coupled to the control electrode of the second signal has the second logic state the first drive transistor
drive transistor, such that when the output signal has is non-conducting and the output node is at the level of
the first logic state and the input signal has the 20 the first supply line;
second logic state, the drive transistor is conducting first means coupled to the output node and the input node,
and when either the ountput signal has the second wherein the first means comprises inverting means
logic state or the input signal has the first logic state having an input coupled to the output node and an
the second drive transistor is non-conducting, and output, and NOR gate means having a first input
the first means being enabled when the output signal 25 coupled to the output of the inverting means and a
has the first logic state and the input signal has the second input coupled to the input node and an output
second logic state, and being disabled when the coupled to the control electrode of the second drive
output signal has the second logic state or the input transistor, such that when the output signal has the first
signal has the first logic state, the first means once logic state and the input signal has the second logic
enabled coupling the output node to a first supply 30 state, the drive transistor is conducting and when either
line such that the output signal at the output node the output signal has the second logic state or the input
switches to the second logic state when the voltage signal has the first logic state the second drive transistor
at the output node reaches a predetermined level; and is non-conducting, the first means being enabled when
second means coupled to the output node, the input the output signal has the first logic state and the input
node and the first supply line, and being enabled 35 signal has the second logic state, and being disabled
when the input signal has the second logic state and when the output signal has the second logic state or the
being disabled when the input signal has the first input signal has the first logic state, the first means once
logic state, the second means comprising resistive enabled coupling the output node to a first supply line
means coupled between the output node and the first such that the output signal at the output node switches
supply line, the second means coupling the output 40 to the second logic state when the voltage at the output
node to the first supply line via the resistive means node reaches a predetermined level; and
when Ehe _second means is enabled apd th.e first second means coupled to the output node, the input node
i the second logie sato until the next ransidon of 214 the st supply line, and being enabled when the
the input signal, 45 :ﬁput signal has I:.he ser:'ond logic state anq being
13. A transition confrol circuit according to claim 12 sabled when the input s.Ignal ha-s t_he first logic state.
herein th q . the second means comprising resistive means coupled
WiCIEL The sccond means COmprises: between the output node and the first supply line, the
a transistor having a first current electrode coupled to the second means coupling the output node to the first
output node via the resistive means and a second supply line via the resistive means when the second
current electrode coupled to the first supply line; and >0 means is enabled and the first means is disabled, such
an inverter coupled between the input node and the that the output signal is held in the second logic state
control electrode of the transistor. wherein the transis- until the next transition of the input signal.
tor is non-conducting when the input signal has the first 16. An arrangement as claimed in claim 15 wherein the
logic state and the transistor is conducting when the s second means comprises:

input signal has the second logic state.
14. A transition control circuit according to claim 12

wherein the resistive means comprises a resistor.
15. An arrangement comprising:

a transistor having a first current electrode coupled to the
output node via the resistive means and a second

current electrode coupled to the first supply line; and

_ o _ . _ an 1inverter coupled between the input node and the
an input node for receiving an input signal having a first 60 control electrode of the transistor, wherein the transis-

logic state or a second logic state; tor is non-conducting when the input signal has the first
a plurality of driver circuits for driving a plurality of logic state and the transistor is conducting when the

capacitive loads and having common supply lines, each input signal has the second logic state.

one of the driver circuits having a transition control 17. An arrangement as claimed in claim 15 wherein the

circuit for controlling the transitions of a signal at an 5 resistive means comprises a resistor.

output node of the driver circuit, wherein the signal at

the output node of the driver circuit is switchable ¥k F ok %
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